Abstract-In this paper; the authors presents kinematics analysis of a sit to stand mechanism of a reconfigurable wheelchair. A reconfigurable wheelchair is a device designed and built for the purpose of rehabilitation and self-assistance for a disabled 25 kg child. In addition to the sit-to-stand facility; the developed wheelchair has two additional features: upper body laying by adjusting the back seat and knee and ankle exercising mechanism. This flexible configuration will allow the user to use the wheelchair as a mobility device as well as for rehabilitation purposes without need any external support. The mechanism is identified and a position analysis for the transform between sit to stand posture is obtained. MATLAB software is used to simulate the pattern of motion of both the input link and the follower. Proceeding in the investigation, velocity and acceleration analyses are derived for the reconfigurable wheelchair. Based on the previous analysis, the linear velocity and acceleration equations of the moving links are obtained.
I. INTRODUCTION
Assistive technology for mobility includes the wheelchair, exoskeletons, walkers, lifting aids and other devices. In most cases; a patient requires assistance to use the device. With fewer caregivers and more elderly, there is a need for improving these devices to provide self-independence [1] . Assistive robotics research involves biomechanics, mechanical design, electronics, materials science, computer science and robotics [2] . Assistive robots help people to perform rehabilitation exercises to recover the functions of their muscles [3] . The availability of assistive devices, physical rehabilitation and damage prevention of muscles may be assured [4] . Numbers of powered wheelchairtype aids are developed for elderly and disabled people by [5] [6] [7] [8] [9] [10] [11] . These devices are well suited for people who have little or no mobility. However, they are not appropriate for the elderly with significant cognitive problems. Consequently, the facilities are generally reluctant to permit the elderly residents to use powered wheelchairs [12] . The main objective of this research is to derive a complete kinematics analysis for a sit to stand motion which the reconfigurable wheelchair provides for the user. In this paper, a complete kinematics analysis of the sit to stand motion will be represented. Worth to mention that the developed mechanism, which transforms the user between sit to stand posture, is following a certain mechanism similar to a four bar mechanism but with slight differences.
II. WHEELCHAIR DESCRIPTION
A wheelchair equipped with a sit to stand mechanism is designed and realized that enables a disabled kid to be more independent and to change his/her posture when he/she needs to do so [13] [14] . A design process is followed through all stages of the project following certain design constraints. Fig.1 represents the developed reconfigurable wheelchair. The mechanism enables the wheelchair user to transform from sit to stand posture and vice versa. The wheelchair will allow the user to use it as a mobility device as well as for rehabilitation purposes without any external support. In order to support the user while standing; the wheelchair is equipped with a leg stand which provides support while standing. Two linear actuators are used on both sides of the wheelchair to adjust the back support. The wheelchair is undertaking various stages while transforming between sitting and standing. The developed prototype has the capability to support a weight of a 25kg child and is equipped with a built in mechanism that transform the wheelchair user between sit and stand modes as per his/her desire.
III. KINEMATIC ANALYSIS

A. Position Analysis
Fig 2 represents a 180 degrees flipped diagram of the sit-tostand mechanism which the wheelchair provides. The system consists of three movable links (r 2 , r 3 and r 4 ) and a ground link, r 1 , whose orientations are measured from the horizontal x axis. The system parameters are described in Table I .
Similar to a four-bar; the sit-to-stand mechanism can be can be expressed using the following kinematics equations:
Since r1x and r 1y are known, can be evaluated by using the Since the length of each link is known, and the initial and the final values of are known as well; one can obtain the values of and numerically. Table II lists the parameters with their values which will be used to obtain the unknown variables. It is worth to mention that the lengths of the links are obtained from the developed wheelchair prototype shown in Fig. 1 . 
Fig. 2. Schematic diagram of mechanism
The values of and obtained for two inputs of which represents the input for obtaining a suitable sitting and standing posture. The results are shown in Table III . As can be seen, the calculated values are almost close to the desired values. In order to visualize these results, a MATLAB code has been used to show the pattern of movement of the input link and the follower as seen in 3 and 4 describes now the linkages move within the arranged variation of 2 . As can be seen in Fig 3 and 4 , the mechanism changes its position from sitting, to the standing position. 
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B. Velocity Analysis
After obtaining the position analysis of the sit to stand mechanism of the reconfigurable wheelchair, the next part is to obtain the angular velocity of each link as part of achieving a full kinematics analysis of the system.
By differentiating both Equations (1) and (2) with respect to time, we get the following:
As seen, the angular velocities and can be obtained in terms of Putting both Equations (5) and (6) in a matrix form we get the following:
Once the angular velocities are obtained, it is possible to calculate the position velocity of both the crank and the follower. The velocities can be expressed as:
C. Acceleration Analysis In this section, the angular acceleration of each link was obtained. Differentiating (Eq. 5) and (Eq. 6) with respect to time, the resulting component equations are:
Rearrange both (Eq. 2-10) and (Eq. 2-11) in a matrix form, we the equations can be expressed as the following:
Once the angular accelerations are known, computing the linear accelerations of the moving links can be expressed as follows:
Since all the equations needed for analysis are obtained, it is just a matter of computation to find all the variables needed such as the angular velocities and the angular accelerations for each moving link.
IV. CONCLUSION AND FUTURE WORK
A reconfigurable wheelchair with a facility to transform between sitting and standing posture has been developed. The system has been identified and as a start, a position analysis for the mechanism has been investigated. After observing the pattern of motion of the system, a velocity and acceleration analysis has been achieved and the velocity and acceleration of the moving links has been obtained. Further improvements can be added for the system such as a leg rehabilitation mechanism and a back seat adjustment. Both of these two improvements will be investigated in the future to provide a wheelchair that satisfies the patients' needs and make his life as independent as possible. Full kinematic analysis will be provided in the final version of the paper.
